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JOHN HERBERT HUMPHREY was an outstanding immunologist and a most remarkable person in every way. His broad knowledge of the immune system was unparalleled, and there were few aspects of immunology that his own experiments did not touch on. John was a pioneer in cellular immunology who exerted a powerful influence on modem thinking; he was always prepared to share his time and ideas with students and colleagues throughout the world. In his work he was guided by the realization that knowledge in basic immunology was essential to further our understanding of disease processes. He was also passionately concerned in socio-political issues of his time and campaigned tirelessly to ensure that the voice of science and medicine would be heard. Throughout his life he was regarded with the greatest respect and affection not only for his science but equally for his personal qualities.
EARLY YEARS
John Humphrey was bom at West Byfleet on 16 December 1915, the eldest of five children of Herbert Alfred Humphrey and Mary Elisabeth Homiblow. Herbert was a distinguished engineer and inventor, and one of the founders of ICI at Billingham. Coming himself from a large family of modest means, he had been an outstanding student at Finsbury Technical College and the Central Institution of the City and Guilds in Kensington. A model of 'self-help', he quickly established a reputation for inventiveness and enterprise, and by the time of his marriage to Mary he had amassed some wealth. It was Herbert's second marriage, and -already middle-aged and with many of the attitudes of a Victorian patriarch -he was ambitious to establish a family for whom, with his new-found prosperity, he felt he could well provide.
The family lived in the north of England until 1931, and then in Tunbridge Wells. In 1945, after their children had left home, Herbert and Mary moved to South Africa, where Herbert died in 1951. Mary returned to England and survived her husband by ten years. During John's earliest childhood his mother was fully occupied with the affairs of her large household and extensive gardens (she was trained in horticulture), and in supplying the needs of her husband and rapidly increasing family, so John was cared for mainly by nurses, under the supervision of his godmother, Miss E.I. Davies, (a close friend of his mother, who gave up her job to live with the family).
In his last year John was elected 'Prefect of Hall' -in effect Head of the School -an unusual distinction for a boy on the science side. But John was able, and quite prepared to deliver the speeches in Latin which some of the formal occasions required of him. Throughout the years at Winchester John worked and played hard, but he was ready to move on when he obtained an Open Scholarship for Trinity College, Cambridge, and he followed Dick Synge there. CAMBRIDGE UNIVERSITY, 1934 -1937 [1937] [1938] [1939] [1940] The three years at UCHMS were most eventful. Quite aside from John's medical studies they included his first attempts at research, his marriage to his wife Janet and the onset of World War II. However, John passed the final exams at the expected time obtaining his M. B. and B.Ch. in 1940. After the first months at medical school John felt that the pace was too slow. He approached C.R. Harington (later Sir Charles Harington), Professor of Chemical Pathology, who encouraged John to spend as much time as he could spare from his studies in the laboratory on immunochemical problems. Sir Charles had previously synthesized thyroxine, and was interested in enhancing the immunogenicity of hormones in the hope that it might be possible to regulate hormone action by neutralizing antibodies. Could immunogenicity depend on carbohydrate or other determinants? He asked John to test whether coupling o f carbobenzoxy-glucosido-tyrosyl groupings to gelatin or insulin would induce antibodies to these non-immunogenic proteins. John was introduced to chemical techniques with additional help from Albert Neuberger and Rosalind Pitt Rivers, and the compounds were successfully tested in vivo with M.E. Yuill (1)*. This early laboratory experience strongly influenced John's research approaches and much of his later work utilized chemical modification of antigens. Meanwhile, John felt that he had studied just enough clinical medicine to scrape through the examinations. He particularly enjoyed the lectures by Ashley Miles and Roy Cameron. Certainly all the contacts made in these student years became o f great importance in his future scientific career.
For the last year at UCHMS John concentrated on his medical studies. His father had not approved of John's research distractions, and therefore reminded John in a letter that his * Numbers in this form refer to entries in the bibliography at the end of the text. support was for John to obtain his medical degree '...and not in order that you may titillate your intellect in manners that give you the most pleasures'. John replied to his father on the question of doing research as follows: 'Titillating your intellect sounds as though you thought that it was not hard work and was useless into the bargain!' Then another event occurred that shaped John's life. He met Janet Hill, a fellow medical student and, despite his father's misgivings they married in November 1939, not long after the start of war. Over the years that followed John became very close to Janet's distinguished family. Her father was A.V. Hill, the physiologist and Nobel Laureate, and her mother, Margaret, daughter of J.N. Keynes and sister of J.M. Keynes, the economist, and Geoffrey Keynes, the surgeon. Later on Janet's brother, David Hill, F.R.S., married John's sister Stella. THE WAR YEARS 1940 -1946 John's first medical job at the Postgraduate Medical Hospital at Hammersmith was as house physician successively to John McMichael, Sharpey Schafer and Eric By waters. Soon his hectic life was disrupted by an acute respiratory infection which proved to be tuberculosis. This had gone unnoticed by John until he nearly collapsed while playing in a football match between a hospital staff team and the local barrage-balloon crew. All tuberculosis hospitals had become army hospitals, so John, together with Janet, spent his enforced rest in Cornwall in the home of Professor Charles Singer, the medical historian.
On return to London John's state of health rendered him no longer eligible for National Service and he was able to spend a year (1941) (1942) as Jenner Research Fellow at the Lister Institute for Preventive Medicine. Douglas McClean guided his studies on hyaluronidase and its diffusing activity (3). Walter Morgan was at hand to introduce John to carbohydrate chemistry, a knowledge not common among modem immunologists and put to excellent use by John throughout his career. In turn John suggested to W. Morgan that ovarian cyst fluid might be a good source of blood-group substances since it was not unlike saliva. TTie first fluid was almost pure blood-group A substance (198)! However, the war was escalating and hyaluronidase was not directly related to it. Although John lacked the appropriate training, Ashley Miles supported him for the job of Assistant Pathologist at the Central Middlesex Hospital with the proviso that John would train for two months at the emergency public health laboratory that Professor Miles was running. The hospital experience in wartime John later considered to be the best training for biomedical research. In face of continuous staff shortages he found himself tackling every challenge and in addition to pathology (whose Head of Department was a Japanese prisoner), he had to deal with biochemistry, bacteriology and morbid anatomy when Dr. Pagel was taken ill. His clinical work related mainly to pulmonary infections, penicillin treatments, bacterial-and non-bacterial pneumonias (11, 14, 15) . His inventiveness came to the fore when he purified the painfiil impure penicillin with procaine, creating a preparation that became widely used. During his first autopsy he found the lung was full of strands of Type 3 pneumococcal polysaccharide (198) , which aroused his interest in this antigen. Considering the crisis conditions of those years it is astonishing that John managed to publish ten original papers on his work at the hospital (7-17).
BACK TO FULL-TIME RESEARCH, 1946
Innumerable questions regarding disease processes were left unanswered in John's mind after the hospital work. At Cambridge he had been inspired by reading the books of Marrack (1934) and Landsteiner (1936) . John then fully committed himself to research in immunology, but the earlier medical experience greatly influenced his diverse interests and the approaches used in his experimental work.
In 1946, as soon as the War had ended, John obtained an external appointment from the Medical Research Council to work in Professor W ilson Sm ith's Department of Microbiology at UCHMS. His proposal concerned the possible relationships of streptococcal infection to rheumatic fever and to the induction of auto-immunity into cardiac muscle. He requested £150 for annual consumables. John's proposal showed a striking insight at a time when auto-antibodies had not yet been identified. The incidence of clinical rheumatic fever declined, however, and John started his work on hypersensitivity reactions in skin by testing drugs (such as cortisone and salicylate) which exerted inhibitory effects (20, 21). BIOLOGICAL STANDARDS N IM R , 1949 -1957 In 1949 John had a wonderful opportunity which he took up with great enthusiasm. He was invited by Sir Charles Harington, then Director of the National Institute for Medical Research (NIMR) at Hampstead, to succeed Bruce White. The job in the Division of Biological Standards, headed by Sir Ashley Miles (whom John knew well from UCH and the War), required John to devote 50% of his time to Standards, and for the remainder of the time John was free to pursue his own interests. In addition to contributing greatly to the development of Standards he made the most of the interdisciplinary nature o f the Institute, and initiated collaborations on immunological problems. The next years were exceedingly productive, with the publication of 30 papers.
In 1950 the NIMR laboratories moved to their present location at Mill Hill. John was put in charge of development of standards for antibiotics and enzymes (hyaluronidase and streptolysin S) in clinical use. His flair for tackling problems was outstanding. Together with Jim Lightbown he developed quantitative assays for biological activity -since the weights of substances could be most misleading. Their general theory of plate assays for antibiotics was published in 1952 (22). The final assays were based on gel diffusion tests on large plates (Pyrex pie dishes) with sensitive bacteria incorporated into a layer of agar. The samples to be tested were added, at different dilutions but at a known volume, to fish-bone beads inserted in the agar. Bacterial growth inhibition was easily defined by a clear zone which could be precisely measured. Much the same methods are still in use in routine microbiology. All the equipment was home-made by John and Jim or the local workshop. This ingenious advance over previous methods was then used to establish biological standards for all newly available antibiotics -work, also involving at times, both Walter Perry and Marjorie 36, 37, [50] [51] [52] [64] [65] [66] ).
John and Derek Bangham then ran the first pyrogen study with purified endotoxin from Porton (67). In 1956 John's long-lasting involvement with WHO started when he represented the Division at the Expert Committee on Biological Standards at Geneva. He was chosen as rapporteur, a role he later was often assigned because of his flair and splendid summaries. research, 1953-1957 John loved to collaborate with others on basic immunological problems; he realized the potential for quantitation of new radio-isotopes and protein radio-labelling. With Arthur McFarlane (biophysics) he studied the turnover time of antibodies in mice (33), the first study of its kind; later (with Hugh Gordon) this approach was extended to albumin synthesis and catabolism (70, 77) , and to the enhanced Ig-class-specific turnover in mice with myeloma tumours (with John Fahey) (81).
Immunological
John was greatly intrigued by allergic reactions, and in his personal research he was mainly preoccupied with studies on the detailed sequence of chemical events underlying local antibody-antigen reactions in vivo. To analyse individual steps of the complex cell-mediated phenomena John, with Walter Perry, Walter Brocklehurst and Roland Jaques (from Switzerland), established in vitro methods. Since Arthus reactions were associated with granulocyte infiltration the group's attention was directed to polymorphonuclear (PMN) cells; in fact, John tried to deplete PMNs by N-mustard or by making PMN-specific antisera (predating monoclonal antibodies to surface markers of cells by 20 years). This was not entirely successful, but nevertheless showed that PMN levels correlate with oedemic swelling (41). Histamine was known to play a part in allergic reactions and John examined its release by PMN, but discovered with Roland Jaques that, compared with PMN, platelets were far more active in liberating both histamine and 5-hydroxytryptamine (serotonin) in the presence of antigen-antibody complexes. (The 1955 paper describing this discovery (42) became a citation classic (219).) However, removal of a large proportion of PMNs and platelets by antisera did not prevent capillary damage at the site of Arthus reactions. Perhaps it was fortunate that in the early 1950s it was not known that many mediators and four distinct mechanisms were involved in allergic reactions, or no one would have tackled these experiments.
Several studies (57-59), including those with Ivan Mota, then showed species differences in susceptibility to anaphylactic reactions which correlated with variations in the histamine content of platelets as well as with levels of skin-sensitizing antibodies. John tried, with Rodney Porter, to purify skin-sensitizing antibodies (later called IgE) from human and animal sera (46). To test the fractions for biological activity John injected himself one Saturday morning. He produced a full-blown systemic reaction with bronchial constriction and blood pressure collapse and was saved only by the presence of a medical associate and adrenaline.
At this time I had the good fortune to meet John, soon after I joined Tommy Work at NIMR as a postdoc in biochemistry. With Peter Campbell we were working on the mechanism of biosynthesis of milk proteins and John approached us in 1954 to trace the source of antibodies in milk. We injected radio-labelled purified antibodies intravenously into our lactating goat, Ursula, and were able to isolate the labelled antibodies from her milk, illustrating clearly their origin from maternal blood (31). This was the beginning of my long-term collaboration with John.
In a seminar John demonstrated the rapid formation of an antigen-antibody precipitate on mixing clear solutions of pneumococcal polysaccharide and rabbit antibody. This simple purification procedure spurred me on to woik on antibody biosynthesis rather than to continue my struggles with the purification of sticky milk proteins in numerous samples. John helped me greatly in my endeavours. It was not known which lymphoid tissue to choose to obtain optimal antibody formation in v i t r o ; John advised me to Bob W hite (at the London H o sp ital), an ex p ert in flu o re sc e n c e -sta in in g of antibody-containing plasma cells in tissues. I shared Bob's guinea pigs, immunized with ovalbumin and adjuvant, and pulsed tissues with radioactive amino acids to find that the maximum level of antibody synthesis in vitro correlated with the frequency of plasma cells, reassuring us that the in vitro method reflected the in vivo results (Askonas & White, 1955) .
John and I then extended these studies (see later section on antibody formation).
John was also most intrigued by the electrophoretic heterogeneity of globulins and antibodies of a given specificity. Rod Porter (1955) had developed a protein fractionation method by partition chromatography. With him we found (by pulsing tissues with radio-labelled amino acids) that antibodies to a single protein were distributed over all the fractions (43,44). However, changes in the distribution pattern with time of immunization provided an indication that different cells, unevenly distributed in lymphoid tissues, are involved in forming different Ig molecules (43). With the formulation of the clonal selection theory by MacFarlane Burnet (1959) our data were fully understood.
This was scientifically a highly productive period for John -almost every experiment yielded novel results -but life was presenting him with serious problems that he had to deal with. In 1948, in attempted prophylaxis against the measles affecting his children, he injected himself withy-globulin of unknown source; soon afterwards he developed measles and then a severe case of hepatitis. Some months later his brother Leslie died, aged 32 years, of polyarteritis nodosa, after being blind for the last months. John carried much of die responsibility for his brother and his young family. When Leslie's widow died of Hodgkin's disease a few years later John became guardian of his brother's two children, although by 1954 he and Janet had their own five children (Simon, Nick, Sarah, Andrea and Charlotte). In 1952 John's tuberculosis recurred, and the high doses of PAS he received were thought to be responsible for his developing deafness. It was not until 1976 that (through technical advances) the cause was diagnosed as bilateral acoustic neuromas, which by that time were inoperable. It is impressive that John was able to focus on his research and his collaborations during those turbulent years and to make so many original contributions.
H e a d o f t h e n e w Im m u n o l o g y d iv is io n a t NIMR, 1957-1976
The new Division Sir Charles Harington, the director of NIMR, had a far-sighted interest in immunology and in 1957 asked John to head a new Immunology Division rather than accepting the offer of a Chair at St Mary's Hospital Medical School. The appointment gave John the longed-for opportunity to concentrate entirely on immunological research and to build up a small group. His research proposal for the new Immunology Division was one hand-written paragraph, and he requested space for three scientific staff (Brigid Balfour, already working with him; Peter Farthing, a clinical trainee; myself, from the Biochemistry Division), one additional medical trainee, one or two visiting workers, three technicians and a half-time secretary. We were housed on two different floors but this did not inhibit close collaboration. Rosemary de Rossi had assisted John in the Standards Division since 1952 and became our Chief Technician until she had a family (when Brian Wright took over). She remained John's 'right hand' in running his laboratory until he left NIMR in 1976. Rosemary was indispensable and taught all of us the appropriate immunological techniques.
It is difficult to appreciate how little was known about immunology in 1957 when the Division was founded. The nature of Ig molecules was starting to be defined by Porter (1958) and Gdelman (1959) , and it took several more years before the different classes of immunoglobulin were recognized. The dynamics of the immune system were not understood until Gowans et al. (1962) demonstrated the immunocompetence of the small circulating lymphocytes. Protein fractionation procedures were in their infancy, and the distinction between B-cells and T-cells and their functional subsets came about ten years later.
John attracted many visiting workers from across the world, who often both contributed expertise to the Division and greatly benefited from contact with John and NIMR. A constant stream of visitors came to talk to the 'Guru of Immunology', a wonderful opportunity for us to meet well-known immunologists and have discussions with them.
In 1962 During the years as Head of Division, John advanced immunology in many ways both in the U.K. and elsewhere. His impact on his co-workers world-wide was profound. Immunology for students o f medicine (95), which he wrote with Bob White in 1963, filled an enormous gap and became a classic and much used textbook. For the first time the new immunology was presented as a lively and exciting subject in its relation to clinical medicine and pathology. The book was revised twice for new editions and also translated into French, Spanish and Italian. John was a founder member of the British Society of Immunology in 1956, and he was closely connected in the early 1960s with WHO and the Immunology Section at Geneva.
It is impossible to detail all of John's immunological activities during those 19 years as Head of Division, but his major lines of research are described below. 'Hie central questions to which he directed his attention related to; the cells responsible for antibody formation and allergic reactions and how they are triggered; the localization of antigen in relation to antibody formation, tolerance and the presentation of thymus-independent antigens; complement-mediated cell lysis and finally the role of follicular dendritic cells in germinal centres. These broad topics reflect his phenomenal knowledge and memory; he was never satisfied only to detail isolated events, for him it was vital to piece together the complex interactions of the immune network. With his genuine and broad interest in science and his enthusiasm for ideas John also took up many opportunities for collaboration.
Mechanisms o f allergic reactions, 1957-1963
Because of his clinical experience John continued to be particularly interested in defining the cells and mediators responsible for anaphylaxis and skin reactions. He collaborated with Walter Brocklehurst and Walter Perry to assess quantitatively the minute amounts of 13,I-labelled antibody necessary for reversible sensitization of tissues (78). Frank Austen was a visiting worker dividing his time between Brocklehurst and John; he and John studied anaphylactic reactions in rat using a simplified system of isolated mast cells that allowed the testing of drugs inhibiting degranulation with antibodies to rat Ig (79). The complexity of the reactions was forever a surprise; histamine and serotonin release were not sufficient to account for the observed capillary permeability changes, indicating involvement of additional mediators (89, 97, 99) .
John liked to train young doctors in immunology; John Turk joined him in 1959, and soon after Geoffrey Asherson came, to pioneer experiments on the cause of delayed-type hypersensitivity (DTH). John Turk was able to transfer tuberculin reactions by lymphoid cells from sensitized hosts and thus confirmed the observation by Landsteiner and Chase (1942) that antibodies did not transfer DTH. DTH reactions could be dissociated from the induction of antibodies (83, 96) . The migration of radio-labelled cells defined the area in lymphoid tissues to which cells migrated; as part of the inflammatory response but not in an antigen-specific manner. Because guinea pigs were so expensive Geoffrey spent time setting up DTH reactivity in mice, which are far less susceptible to DTH.
Reaginic antibodies were not defined structurally until 1966. In that year Denis Stanworth received from H. Bennich and S.G.O. Johansson (Upssala) a sample of a very unusual myeloma protein that did not fit into the four known classes of Ig (IgM, IgG, IgA and IgD); the one and only in vitro test gave some suggestion that it might be a reaginic antibody. John chaired the B.S.I. meeting at which this was described, and suggested the obvious in vivo experiment -injection of the myeloma protein into skin of a volunteer with a known allergen to see whether the Prausnitz-Kustner reaction would be inhibited. It was John who characteristically volunteered to be the guinea pig for this unethical experiment. He needed the answer for the next edition of his textbook! In this way proof was obtained that the myeloma protein was a reaginic antibody (121), named IgE in 1968 at a WHO meeting.
John's single involvement in psycho-immunology was a collaboration with Janet Niven and Stephen Black in 1963. The latter had observed that tuberculin reactions were inhibited by direct suggestion under hypnosis; John was intrigued and wished to know the cellular basis of this inhibition. I'he conclusion was that hypnosis did not inhibit cellular infiltration, but that a vascular component was responsible for reducing the fluid exudates (98). , 1957-1960 W ith John, my studies on antibody formation vitro (by pulsing tissues with radio-labelled amino acids) were extended. It became clear that the sites of antibody formation varied with the route of antigen administration. After intravenous injection of formaldehyde-killed pneumococci into rabbits the lung and bone marrow turned out to be the major antibody-forming tissues (53). This result was greeted with such disbelief that we took the trouble to perfuse rabbit lungs with 14C-amino acids in vitro and were able to isolate milligram quantities of radio-labelled antibody (54) -John himself built the necessary perfusion apparatus. John was greatly puzzled by the observation in these experiments that large amounts of non-antigen-specific Ig were also formed (54), and that adjuvants increased the levels of non-specific Ig (74,94). This was not understood until many years later, when the release of interleukins by activated macrophages and T-cells explained such bystander effects. Mirka Hrubesova came in 1959 on one of the first post-war exchanges from Czechoslovakia -as exchange partner Av Mitchison saved money (travelling to Prague by train) for the extension of Mirka's stay with us. , 1959-1969 This topic occupied John's mind throughout his research career. In 1959, at a meeting in Czechoslovakia (organized by Jaroslav Sterzl with John's help), he discussed the problem of antigen localization (72, 73). It was known by then that foreign proteins and micro-organisms were rapidly degraded in the host by phagocytic cells. John raised the question as to which fraction of persisting antigenic material might be relevant in triggering antibody responses or alternatively in tolerance induction or maintenance. Although the Clonal Selection Theory (Burnet 1959) was being published, many immunologists of that period still believed that it was the antigen which instructed antibody-forming cells to make the appropriate antibody. This implied that antigen had to be present in all such cells. To find antigen required very highly radio-labelled antigens, and this became a major divisional project. Thirty years later this type of approach seems incredibly naive, but the study did lead indirectly to two major discoveries and it strengthened John s belief in the role of serendipity in scientific progress (198) .
Antibody formation and heterogeneity

Fate o f antigen in relation to immune responsiveness and tolerance
A chance meeting with Michael Sela initiated a seminal collaboration. Michael had found that synthetic peptide co-polymers, such as (T,G)-A-L, (tyrosyl-glutamyl)alanyl-lysine, induced antibodies in rabbits. This appeared the ideal antigen for our studies since it could be synthesized with highly radioactive tritiated or heavily radio-iodinated amino-acids. Antibody-forming cells were to be identified by fluorescent staining, and antigen by auto-radiography, on the same tissue sections (Balfour 1961). John started immunizing rabbits with TGAL in 1961, but surprisingly his Sandylop rabbits did not produce any antibody. In desperation he tested another rabbit strain (Himalayan), which did respond strongly. At this stage Hugh McDevitt joined the project as a postdoc from Harvard to follow up these experiments in rabbits and mice. Of very few mouse strains at NIMR Hugh pic e CBA and C57B1 mice which showed respectively very poor and strong anti-TGAL responses. When tyrosine residues were replaced by histidine the reverse results were obtained. John was characteristically generous in not claiming co-authorship of the ongma paper by McDevitt and Sela (1965) which showed that responsiveness was mainly controlled by a single dominant factor. These Mill Hill experiments formed the basis for Hugh's major discovery of the linkage of antibody responsiveness to the MHC (McDevitt & Chinitz 1969) .
Meanwhile highly tritiated TGAL arrived from Israel, but unpredictably the 'hot' antigen had disintegrated and had lost all antigenic properties. Experiments with ,25I-labelled TGAL followed (limiting detection to 15 molecules per cell), but after many hours of counting radioactive grains (with Gordon Ada, Hugh and myself) no antigen was detected in plasma cells (111, 114, 119) . However this injection of 125I-TGAL into mice led to a second discovery: that antibodies mediate the localization and long-term persistence of antigen on the follicular dendritic cells in the B-cell areas of germinal centres in lymphoid tissues (now believed to play a role in B-cell memory generation) (204). Although Gus Nossal, Gordon Ada and their associates (Nossal et al. 1965) had also described such antigen localization, it was John and Brigid Balfour who discovered that this was antibody-mediated (117). The only time (in 30 years) that I saw John obviously very cross was when others assigned the name 'dendritic cells' to very different cells (i.e. the 'veiled' and interdigitating cells in the T-cell areas of lymphatics and lymph nodes), an assignment that remains a continuing cause of confusion.
A third byproduct of the above experiments was the finding (with Hans-Ulrich Keller, Nick Willcox and George Roelants (140, 145); Ada and Byrt (1969)) that ,25I-labelled antigens, at very high specific radioactivities, induced clonal anergy and were lethal to B-cells with high-affinity receptors for the antigen. There followed studies on tolerance induction by non-metabolized antigens (such as peptides containing D-amino acids) with J. Medlin, Michael Sela and Charles Janeway (124, 128, (138) (139) . Because the results were so promising John devoted much thought to other ways of making antigens or antibodies specifically lethal for cells in vivo, ideas which are still the subject of research world wide (163). John continued to be fascinated by this topic (see later sections).
Complement-mediated cells lysis, 1962-1970
John was always intrigued by the mechanism of complement(C)-mediated lysis of cells, but did not actively work on this problem until Herbert Rapp (from NIH, Bethesda) came to the Division for a sabbatical year. Herb was involved in examining the diversity of C3 (now known to have five components). Complement was in John's mind when at a discussion meeting he heard of the findings of Bob Dourmashkin (who worked at ICRF, next door to NIMR) and had shown, by electron microscopy, beautiful patterns of hexagonal channels resulting from saponin treatment of erythrocyte membranes. Disappointingly, these were not protein channels. Bob remembers the conversation with John (whom he did not know) that followed over lunch: 'I heard your talk, very interesting. Do you know, there are many hacmolysins in nature that cause membrane damage, i.e. streptolysins O and S, phospholipase and of course the C system'. A few days later Bob showed John the beautiful membrane pits on red blood cells produced by antibodies and active complement, and a classical piece of research was initiated. They were joined by Tibor Borsos (from NIH), who provided defined reagents, and were able to show that predictable numbers of lytic lesions (holes) on red blood cells could be induced. These results were compatible with the 'one hit hypothesis', i.e. that in the presence of guinea pig complement a single IgM molecule sufficed to lyse a red blood cell. On the other hand more than 1000 IgG molecules were required for lysis of one red blood cell -suggesting that at least two adjacent IgG molecules were needed for complement activation, as was later confirmed (103, 106, 122, 137) .
The role o f complement in antibody responses, B-cell memory and tolerance, 1970-1976
It was the rare combination of John's knowledge of the complexities of the complement system and his interest in the mechanism of B-cell triggering versus tolerance induction that led to an interesting series of experiments between 1970 and the time he left Mill Hill. The elegant demonstration of T-cell and B-cell co-operation in antibody formation to most proteins (Miller & Mitchell 1969; Claman & Chaperon 1969) suggested that although B-cell triggering required a second signal in addition to antigen certain polymeric polysaccharides could induce antibodies in the absence of T-cell help. John wondered whether such antigens might activate C3 via the alternative pathway of complement to provide this second signal. By comparing in vivo immunogenicity with vitro C3 activation by these antigens John and Gerry Klaus, with Juliusz Pryjma (from Poland), demonstrated that C3 activation is not obligatory for B-cell triggering by T-cell-independent (TI) antigens such as pneumococcal polysaccharide. Furtherevidence forthis conclusion came from thymectomizedmice, which can be depleted of C3 for prolonged periods by treatment with cobra venom factor and still produce antibodies to certain Tl antigens (162, (164) (165) (166) 168) .
Experiments with Graham Mitchell and Alan Williamson had shown that haptenated pneumococcal polysaccharide was a potent B-cell tolerogen, and could shut off even secondary anti-hapten antibody responses (152). In mice immunized with supra-optimal doses of this antigen fewer antibody-forming cells were induced, and each cell secreted less antibody. This led to the discovery, simultaneously with Gus Nossal and his associates, of the blockade of antibody-forming cells by thymus-independent antigens. Thus one mechanism of tolerance induction was attributed to an irreversible modulation of the antigen receptors on the B-cells (see review (166)). Interestingly, macrophages in the marginal zone of spleen selectively retained only neutral polysaccharides, in contrast with other thymus-independent antigens found in widely distributed macrophage populations (184, 185) . A series of experiments with P. Amlot and D. Grennan (184-7) demonstrated the importance of splenic architecture for the responses to neutral polysaccharides and went some way towards explaining why splenectomized patients (for example those with Hodgkin's disease) are at risk from severe infections with polysaccharide-encapsulated bacteria such as pneumococci and have severely depressed antibody responses to such antigens. A notable achievement with Deirdre Grennan was the isolation from mouse spleen of follicular dendritic cells marked with fluorescent antibody-antigen complexes, which permitted characterization of these cells in the centre of the B-cell area (189). Although the expression of class II MHC molecules by murine FDCs remained controversial the presence of Fc-and complement receptors was clearly demonstrated, although the yields of FDCs were too small for functional studies. This work spurred on others to define the phenotype of human FDC, and later led to John's demonstration (in his 'retirement') with V. Surandam, his last Ph.D. student, that FDCs originate in tissue reticulum rather than in bone marrow: unlike dendritic cells in the T-cell-dependent areas of the germinal centre (199) .
Another of John's long term interests concerned immune-complex disease. Prida Malasit, a Ph.D. student from Thailand, investigated factors influencing immuno-pathological effects and organ localization of different soluble immune complexes prepared in the presence of complement and antibody of different Ig classes (196) ; experiments that mirror the natural situation far more than the usual injection of precipitated antibody-antigen complexes. Thus with his enquiring mind John looked for explanations for clinical problems.
John was much in demand by basic scientists and clinicians alike and, however busy he was, gave generously of his time to all who approached him regardless of age or professional standing. On Mondays, when returning to work from the family cottage near Cambridge, John distributed large bunches of flowers and branches of flowering shrubs from his garden, which prompted the comment that Deirdre remembers well: 'I have just seen a cherry tree go up in the lift'! Without fail some of the flowers went to the washing-up lady.
John 'retired' from his Chair in 1981. To mark the occasion his colleagues arranged a Symposium at RPMS in John's honour in June 1981. Invited speakers were chosen from among his closest associates and friends in the U.K. and from abroad. The diversity of topics reflected John's wide immunological interests, and the abstracts were published in Immunology Today in 1981. In hand-written notes he stressed that the experience at Hammersmith 'greatly increased my respect for those who can do good clinical research involving real patients'.
ACTIVE RETIREMENT YEARS AS EMERITUS PROFESSOR
No one expected John to retire, and of course he continued to work at RPMS until two days before his death. Attached to the Department of Medicine, headed by Professor Keith Peters, John continued with laboratory projects and his writing, and he also very actively pursued his concerns about nuclear disarmament. John's latest piece of work was prompted by the Professor of Cardiovascular Medicine, Attilio Masero. The latter enquired whether it might be possible to image fresh cardiac lesions in patients with 113I-labelled antibody to cardiac myosin. A monoclonal antibody with such a specificity had been described in the U.S., and John went to a great deal of trouble, first to obtain Fab fragments of the anti-cardiac antibody from the firm Centrecor (it took a lot of persuasion) and then to find a second antibody to mouse immunoglobulin to clear the indium-labelled Fab rapidly from the circulation so as not to obscure the Fab localized on the damaged heart muscle. Shortly before his death John was planning numerous experiments to test this novel scheme in animal models.
Keith Peters' oration at John's funeral left no doubt how enormously valuable John's presence and advice had been at Hammersmith. John's encyclopaedic memory did not forsake him nor did his intellectual curiosity and infectious enthusiasm for immunology. Whenever he saw a paper that related to interests of his former associates he would mn up the stairs to the Department of Immunology at Hammersmith with a photocopy and provide encouragement for the project, or ring us at Mill Hill. It is not surprising that it was John who was chosen to cover the whole of immunology for the 1974 and later editions of Encyclopaedia Britannica (216).
During 'retirement' John continued actively to pursue his socio-political beliefs, which he had always found time for despite his busy career. He had been a founder member in 1951 of the Medical Association for the Prevention of War, a pillar of the Pug wash movement, a regular Aldermarston marcher (with his family), and a cogent speaker against biological warfare (134). John was a founder member and Chairman of the Medical Campaign against Nuclear Weapons (1981), and President of this association from 1985. He was an active organizing member of the International Physicians for Prevention of Nuclear War, and it is sad that he was not to witness the extraordinary changes in East-West relationships and the new hopes for cooperation on arms control of the past year. Also during 'retirement' he wrote a number of articles, including 'The scientist's responsibility in the nuclear arms race ' (192) and 'The development of physicians' peace movement' (206), and he coauthored the book The world o f science and the rule o f law about human rights applied to scientists (212). A great deal of time and effort went to the Society for the Protection of Science and Learning as President (from 1978). According to Liz Fraser: 'John always found time for the continuous problems that arose, whether important or trivial, and at all times he gave a clear and wise judgement -generally on the spot, at the most within 24 hours.' Although many people would merely speak about giving help John always took action himself: an outstanding characteristic of his that applied to all walks of life, scientific or otherwise.
Throughout his life John tended to disregard illness, even when serious, and this attitude often caused considerable concern to Janet, his family and his close associates. In fact it puzzled John when others stayed at home while ill, unless they were flat on their backs. In the last years he developed several health problems. His walk had become somewhat unsteady as a result of damage caused by the acoustic neuromas, but in spite of this he agreed to provide dendritic cells for Chris Spry by having the lymphatics cannulated on the dorsi of his feet (which involved walking up and down seven flights of stairs for several hours to increase lymph flow). Although his poor hearing hampered his enjoyment of large meetings and group discussions, he tried as a keen experimentalist all kinds of hearing aids (including a large contraption serving as a directional microphone) so that one-to-one discussions could continue. Few people realized that he also had a serious cardiac problem, as he did not allow this to interfere with his active life style. His sudden death early on Christmas Day 1987, at the Humphrey's country cottage in Ash well, had been preceded the night before by the usual Christmas Eve supper for all the family.
JOHN AS A MENTOR, COLLEAGUE AND SCIENTIST
What was so special about John that invited such high esteem and at the same time great affection? John's encyclopaedic knowledge of the entire immune system was reflected in the diverse fundamental questions that he addressed. He was interested in science for science's sake and not for his own advancement. He really wanted to know the mechanisms involved in the triggering and regulation of antibody responses and cell-mediated effector functions. He took every opportunity to collaborate with others; in fact he rarely assigned a project to new arrivals in the Division but generously shared his ideas and provided encouragement, support, reagents and a stimulating environment. At the same time he was highly skilled in the laboratory, and enjoyed working with his hands and spending hours looking down the microscope at fluorescent cells or auto-radiographs. He liked to pilot experiments, but often left it to others to follow them through.
John always showed great concern for his students and associates; with a somewhat quizzical interest in people he totally lacked any kind of cynicism. Prida Malasite, one of his students at Hammersmith, wrote when he heard of John's death after returning to Thailand: 'For me it is like losing a good father'. John's humanity was unique.
John's influence on his associates cannot be overrated. Frank Austen (Harvard Medical School) who was with John in the early 1960s as postdoc, wrote to me last year about John: 'His multidisciplinary approach to immunology in the late 1950s is quite remarkable in retrospect and reflects his broad view of the discipline and appreciation of the diversity required to pursue questions of interest', and Mike Frank (NIH) stated in a letter: 'The truth is that he (John) had a major impact on my own career... as an example of how a scientist should approach science, data, and people... His almost playful love of science per se and his incredible enthusiasm for each new finding or idea were unbelievable'. And Charlie Janeway (now at Yale University), who joined John's laboratory quite inexperienced in research, remembers his arrival as follows: 'First John took me to the laboratory ... spent two days telling me all the interesting and inexplicable phenomena in immunology, and then showed me to a bench and told me to get on with it'. John himself had leamt immunology by doing it. and then President (1974-77) Early in his career John helped his great friend and colleague Jaroslav Sterzl (from the Institute of Microbiology of the Czechoslovak Academy of Sciences) in the organization of three immunology meetings in Czechoslovakia, in 1959 Czechoslovakia, in ,1964 Czechoslovakia, in and 1969 . These conferences at the beginning of 'modem ' immunology were seminal in establishing a network of distinguished, as well as young, immunologists and are vividly remembered by all who had the good fortune to participate. John always helped in any conceivable way immunologists from the Eastern Bloc and Third World countries. (1970), and of the American Academy of Arts and Sciences (1981) . John was an honorary member of scientific societies in The Netherlands, Hungary, South Africa, Germany and Czechoslovakia. Brunei University bestowed an Honorary Doctorate on John in 1979. In 1986 he was elected to an Honorary Fellowship at Trinity College, his own college at Cambridge, and received the distinction of becoming a Foreign Associate Member of the U.S. National Academy of Sciences.
JOHN AND HIS FAMILY
John derived much pleasure from his family life and his five children. His family always came first and before his time-consuming commitment to immunology. He left the main running of the household to Janet, but should emergencies or difficult problems arise where she needed technical help or encouragement over a decision he would immediately cycle home to their house at Mill Hill. As soon as the immediate situation was settled he would rush back to the laboratory. All along John put himself out actively to encourage Janet in her own professional work. He carried responsibility not only for his close family and his brother's two children, but also for the wider family. I could not improve on the description of John as a family man given by his son Nick at the Memorial Service for John at Trinity College, Cambridge, in May 1988 -Nick Humphrey's oration is printed below: O r a t io n b y N ic k H u m p h r e y , 7 M a y 1988
Everyone begins life under the illusion that they have the best parents in the world. As a small boy I would fight anyone who made out that his father was wiser or braver or cleverer than mine. But, as we grow older, our perspective has to change, and the heroes of childhood no longer tower so tall... Except, I'll say, in the case of my own Dad. When I was five, and twenty-five, and even forty-five, years old I still thought of him as being above me and above the rest. I'm sure the same went for all of his five children. Not that any of us considered him a dominating figure -for that was not his style... Yet we grew up -if you'll understand me -in the bright light of his shade... Of course we had our mother too. But I'll speak of her only to say that for almost fifty years she was the central figure in my father's life: in fact he probably couldn't have survived without her. Dad would have wanted me to say that first.
He would have wanted me to say this second: that as a person he was not really so unusual.
But here I'll have to disoblige. My father was, I believe, the nearest to being a perfectly good man that I shall ever know. He was a good scientist, a good teacher, a good friend... a good fighter for liberty and peace... a good cook, a good lighter of bonfires, and even a good grower of French beans (he won the top-bean prize at the Ashwell flower show three years running)... There were some flaws, maybe, in his bodily construction. He could have done with a more efficient pair of ears. He might have had a stronger heart. (He wrote to me last December to say that he was having 'interesting feelings in his chest'; I wish they'd not been quite so interesting). But in every area where Dad's mind and not his body had control he never failed to set an example of how to do things well. Not that he would ever offer himself as an example: he just did it. It was not -still is not -an easy act to follow. On a Sunday seven years ago in Great St. Mary's church (here in Cambridge) Dad and I shared a pulpit. We were speaking, as you might guess, about nuclear weapons. For twenty minutes he spoke without notes; then I did the same. A few weeks later, Michael Mayne (now Dean of Westminster) sent us a transcript of our talks. Dad's read like a beautifully scripted essay -and went straight off to the press; my own ramblings never did.
His improvized speeches turned out beautifully because that's the way he was:
spontaneous, uncomplicated, uncluttered in his thinking. He had an enviable facility for being right first time. And so he never had to give much time to preparation. Never ever did he study to make a good impression. Many people here will have had letters written in his hand. He loved to write. Seated in a huddle, pipe in his mouth, writing-board on his knees, he would give himself to the pure pleasure of letting his thoughts flow directly to his pen. Some years ago, we made the mistake of buying him a computer, assuming that, to keep up with the times, he would want to process words. Dad tried hard -for about two days -to master the alienating keyboard; then he gave up and returned to his old ways.
He had, I think, no use for intermediaries: and I don't mean just in relation to his writing or his talking. His whole life was a hymn to self-reliance -to making the best use of his own powers. If there was woric to do, and he could do it, he would unfailingly take it on himself. If his legs could carry him across town, he'd walk (to the end of his life he considered it a crime to take a taxi). If the drains were blocked, it would be his arm -not the plumber's -that went in. If someone was required to picket an Embassy or Ministry of War, Dad would always make sure he was there. I suppose it was that he would never let himself be waited on. When on Christmas Eve last year he left it to my mother to carry in the coal, anyone might have known that he was ill. When Christmas Day, he let his breakfast be brought up to him in bed (!), perhaps it could only mean that he was dying. I have an image of him under the car, refusing to hand over the repair-job to the garage. Always the rationalist, he figured that motor cars were made by people, they were designed to be understood by people, and any person worth his salt should be able to put them back together... But human societies too were made by people, and Dad's approach to human politics was much the same. He would no more leave the repair o f society to the mechanics of Whitehall or the White House or the Kremlin than he would hand over his car. He was not unique in diagnosing trouble: but while others watched on in dismay, wrung their hands and hoped that someone else would intervene, Dad naturally assumed that it was up to him. He gave, as you know, his best efforts to the larger causes of humanity.
Looking at his family history, I find it hard to see where all that came from. His own parents were rich, his own childhood was exceptionally privileged. The lesson he might have leamt at home was that there are always other people there to do things for you. Except that even in his father's character there was a surprising vein of self-sufficiency. His father was an engineer and an inventor. During the First World War he designed a one-man 'manned torpedo' for use against German ships -and then, in a parody of John, volunteered to man the first of them himself. (I'm glad to say it was an offer that Winston Churchill at the Admiralty declined!)... Dad's Uncle William, having been a mathematics wrangler here in Cambridge, went on to be a missionary in West Africa. When rebellion threatened against the British Crown, Uncle Willie volunteered to go and parley with the natives -and got himself beheaded and eaten for his pains. Perhaps self-experiment, self-sacrifice, and service were in Dad's genes.
The trouble is that no one can take on everything himself -even in imagination. And if he tries he'll get it wrong. There were in fact several aspects of the wider world that my father did not altogether comprehend. The fault lay in his supposing that he was not unusual. For it meant that if and when he encountered dishonesty or malevolence in other people, or even ordinary human folly, he was strangely unprepared. Having no insight into selfishness, he could be easily exploited: and too frequently he wearied himself unnecessarily doing other people's chores. Thinking always that others meant as well as he did, he would make no allowance for anyone else's acting in bad faith: and this complete trustingness occasionally made him some false friends. Being unaware of any emotional conflict in himself, he knew little of other people's warring instincts: and all too often he would presume a rationality in others that simply was not there. Dad knew he had a reputation for being 'wise'. But I don't think he really understood that either. He once said that whenever someone asked for his advice he would hear them out until he had discovered what it was they wanted to do, and then tell them that such was what they ought to do. His wisdom, he thought, amounted to no more than his being a kind of mirror to the truth. But he never realized that when other people looked at him they often saw themselves reflected in a grander light: and so they became his presence better people, who actually wanted better things.
In the realm of physics, philosophers talk of the 'observer paradox': the paradox that, in the very act of observation, we change the world. But no one could have been less conscious than my father of the effect he had on those around him. Maybe that's why he led such a happy and creative life... He loved us, and -little knowing it -changed us with his love. There could not have been a better reason to love him. The photograph was taken in John's laboratory at Mill Hill.
